Title: PREHABRI CATED CORNEAL TI SSUE LENS AND METHOD OF §AL V] Y TO
CORRECT VI SION Abstract: This relates to a | ens made of doRAJANYaEY

ti ssué suitable for use as.a contact lens or an inplanted lens, to a nethod
. of preparing that lens, and to a technique of placing the |ens og t he eye.
~The lens ig5,MR48 | ‘ - l.ar] by renovi ng
native epi t§I ﬁel | u%%%ﬂ%@f‘g‘?%&@f@g - ﬁh%ﬁ%@g‘l?gfz re E%ﬁ?l (IE}JIJrl];g ﬁ@h g‘r%%mr é%l”aced

Wi th human epitheliumand keratocytes tg form a lens that has a structural

anat ony  Skdyiloal inleReclit erty-Or aﬁtio-r[h ApRoRr | ons n‘aw i
condi t i o?\‘sﬂ?juc h ﬁ@m%gﬁg@%ﬁ gﬁ'} st O 00T 06
(43 International Publication Date (10) International Publication Number
24 January 2002 (24.01.2002) PCT WO 02/06883 A2

(51} International Patent Classification GO2C 7/00  (81) Designated States (nationnl): AE, AG, AL, AM, A’i‘: AU,
AZ,BA, BB, BG, BR, BY, BZ,CA, CH, CN, CO, CR, CU,
(21) International Application Number:  PCT/US01/22633 CZ, DE, DK, DM, DZ, LiC, EE, ES, T1, GB, GD, GE. GH,
GM, HR, HU, 1D, IL, TN, IS, JP, KE, KG, KP, KR, KZ, LC,
{22) International Filing Date: 18 July 2001 (18.07.2001) LK, LR. LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, N2, P'L, PT, RO, RU, 8D, SE, 5G, SI, SK,
(25) Filing Language: Bnglish SL, T, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA,

LW,

(26) Publication Language: English

(84) Designated States (regional): ARIPO patent (GH, GM,
(30) Priority Data: KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Burasian
09/618,580 18 July 2000 (18.07.2000) US patent (AM, AZ, BY, KG, KZ, MD, RU, 'T1, TM), liuropean

patent (AT, BE, CH, CY, BE, DK, S, FL, FR, GB, GR, IE,
IT, LU, MC, NL, PT. SE, TR), OAPI patent (BF, BJ, CF,

63) Related by eontinuation (CON) or continvation-in-part
) y continuation (CON) oHi-par CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,

(CIP) to earlier application:

us 09/618,580 (CTP} TG).
Filed on 18 July 2001 (18.07.2001)
Published: "o
(71 Applicant and : —  without international search report and to be republished
(72) laventor: PEREZ, Edward {US/AJSI;, 799 Berkcley upon receipt of that report

Street, H, Menlo Park, CA 94025 (US).
For nvo-letter codes and other abbreviations, refer fo the "Guid-
{74) Agent: WHEELOCK, E., Themas; Morrison & Foerster — ance Notes on Codes and Abbreviations” appearing at the begin-
LLP, 755 Page Milt Road, Palo Alto, CA 94304-1018 (US).  ning of each regular issue of the PCT Gazette.

A 0 OO

FER 65 2002

MORRISON & FORRSTER LI

(54) Title: PRI-FABRICATED CORNEAL TISSUY LENS AND METHOD OF CORNEAL OVERLAY TO CORRECT VISION
(I '

02/06883 A2

£57) Abstract: This relates to a tens madce of donor corneal tissue suitable [or use as a contact Jens or 2n implanied lens, 10 a methed
ol preparing that leas, and to 4 iechnique ol placiag the lens on the eye. The lens is made ol donor corneal tissue that is aceHularized
by removing native epithelivm and keratocytes. These cells optionally are replaced with human epithchium and keratocytes 1o form
B a lens that has a structural anatomy similar 10 human cornea. The ocular lens may be used 10 correet conditions sueh as astigmatism,
myopia, aphakia, and presbyopia,



nyopi a, aphakia, and presbyopia. 18 January 2005 WO 02/ 06%@3 PCT/ g&%l/-_22633
PRE- FABRI CATED CORNEAL TI SSUE LENS AND METHOD OF CORNEAL RYr
CORRECT VISION (I1) 5 FIELD OF THE I NVENTION This invention is in the field
of opht hal g |(,9,9(%3 More particularly, it relates to a living lens, suitable
for use as"3'¢&Rthct Iens or for subepithelial inplantatiSHSHRE ens is
made of donor corneal tissue. The invention includes nethods of preparing
that lens and to techniques of placing the lens on the eye. 10 BACKGROUND
OF THE | NVENTI ON The visual systemallows the eye to focus light rays into
meani ngf ul  IPRAYEABRICAS 1P ath I

: DL T O AR M M IRM IR0 el

optonetrist will encounter is that o TV
formation of an inmage by RaEySvWi Bﬂlf!; s with accommodation
due to an inproperly shaped gl obe\./ﬂbrﬁe op ?Eé?%g?%gﬁzt or optonetrist 15

determ nes the refractive status of the eye and corrects the optical error

w th gontact |enses or glass lur es have been devel oped to
correct spherical amretropia BELD OF blis-\i('elape of the cornea. Light

entering the eyeg.i.s fi.rst .fqc e cornea, Which possesses

approxi matel y ?%‘%lo}fen%l ﬂlg}se“;}g‘eg%gcgﬁﬁbél%f%éc%%%%@f& trdatepdpority of 20

~refracti veﬁ‘?l%elrl%t guotng‘ i.nvol ve either decreasing or increasing the anterior
curvature of 1 he SEEPREY Beawe W&%ﬁ%@lﬁl}b@ggﬂgﬁl seplpationy dhe otisve

surgery suchc1 a dker at o aﬁski a Hd' keratom | eusis were originally devel oped

to corr ectm%rf(? |%{105ﬁ%fn$ 65111\9.6% qlgﬁg\pphgwgldes methods of preparing that lens and to

techniques of placing the lens on the eye.

10 BACKGROUND OF THE INVENTION

The visual system allows the eye to focus light rays into meaningful images.
The most common problem an ophthalmologist or optometrist will encounter is that of
spherical ammetropia, or the formation of an image by the eye which is out of focus with
accommodation due to an improperly shaped globe. The ophthalmologist or optometrist
15 determines the refractive status of the eye and corrects the optical error with contact lenses
- or glasses. -
Many procedures have been developed to correct spherical ammetropia by
Iﬁodifying the shape of the cornea. Light entering the eye is first focused by the cornea,
‘which possesses approximately 75% of the eye’s overall refractory power. The majority of
20 refractive operations involve either decreasing or increasing the anterior curvature of the
cornea.
The procedures in early corneal refractive surgery such as keratophakia and
keratomilensis were originally developed to correct myopia and involved removing a

- corneal disc from the patient with a microkeratome. The removed corneal dise was then




corneal disc fromthe patient with a mcrokeratone. The rei ved C W% "
disc was then 1 8 January 2005 WO 02/ 06883 PCT/ USO1/ 22633 89%?{3’% rto
~reshaping the posterior surface, with a cryol athe.. After thaw ng, the disc¢
was returRggodisishe eye and secured with sutures. Epiker, haki a, as
described in U S. Pat. No 4,662,881, is a procedure that' F’HS‘HW@
inserting a precut donor corneal tissue lens with bevel ed edges into

- correspondifitgen ﬁnc@w&mmgnhdﬁﬁteﬂbﬁmfas@m@ac Whthe! QRS thSwindSiRe ag& Weed to
- the corneal bed. The donor lens is |yophil |zela/ and requires-rehydration

bef ore pl agau®BY todhe ERGNA sQNFdGAHRRwes. ThESe techni ques and their
vari'ati ons were generally considered to be unsuccessful due to frequent

conpl i cations i nvadpwieRdodnhikis HeldaderiBed 19 7TBP-3 Mo 6420659 a%?gcgqxﬁ'g kpgpeal i ng,

corneal scarring, and instability of the refractiveé resul e probl ens 10

vere attri il eds h@eﬁlﬁ%kﬁ&ﬂ%ﬁ&] co 39&9 £ F.l l%et}aet? g fj 11t (Eeijz esgcinge as to

the distortion in architecture o e cor nea |ssue ens

mani pud at i I it ifre uIar|ty|s
i nducgjd by%Fb ﬁ[‘f&@%é’ﬁmﬁ %}ﬁqgg(ﬁﬁ{é‘r@ﬁm Moatll—l ?aﬂgedofllhf ﬁl8m? iTule in
ker at ophaki S al B ses severe.damage to epithelial
and st roma y%gﬁ]{ﬁ?%d%gﬁg&&ugsrr& ¥c'lsratf0r? Oéﬁﬁa#?eﬂeng?%‘f‘?f"?gﬁ‘i? 2of the cornea. 15
The present inven Qs%t'%p re-fabricated | ens e of_ donor_ corneal tissue
obtained fromtis g B GPI@ERYARS Wt earR iasonsidrRe o berhe 1 ens i s a
corneal disc ed (Pfref er abl shaged on, the posterior surface generally
to conform P‘Cﬁm‘é‘ﬁ%b' UP & FRECRhRe hcaé‘ﬁ @Vlngﬂ??%@éasw}?étﬁ%\f’éﬁw@/e | ens may
"be shaped b‘é rih?ﬁl ative | aser, e. an excimer |aser or other
suitabl e | SEgieal bepling, egrpcal pearringy ?f*@d%l?éahﬂsiy of the myffactiveraault ke prableniot  been
frozgﬂ) 20 lyophilized, or chemcallg’rmdlfled e.g., fixed with

gl ut atal deW)?’ifi’émle“t‘é‘? tocthe teplhnicad poraplexilyraf shepsoceimes asovalkas tythkdissrbayines ar e

renoved and then replaced with hunman keratocytes to decrease antigenicity.
After r em@‘&l’lﬁeﬁwf‘é‘pﬁgﬁb%‘é}mﬁhﬁﬂie esendsphi dens meviralagpn.t Fos craoplpiient ' s

epikeratophakia, epithelial irregularity is induced by lyophilization of the donor lens.
Freezing of the lenticule in keratophakia and keratomileusis also causes severe damage to
epithelial and stromal cells and disrupts the lamellar architecture of the cornea.

15 - The present invention is a pre-fabricated lens made of donor corneal tissue
obtained from tissue sources such as human or animal comea. The lens is a corneal disc
that is preferably shaped on the posterior surface generally to conform in shape to the eye’s
anterior surface. The inventive lens may be shaped by an ablative laser, e.g., by an excimer
laser or other suitab_le laser. The corneal lenticule is living tissue that has not been frozen,

20 lyophilized, or chemically modified, e.g., fixed with glutaraldehyde to crosslink corneal
tissue. Pre-existing keratocytes are removed and then replaced with human keratocytes to
decrease antigenicity. After removal of epithelium in the central zone of the recipient’s
cornea, the lens is placed on this zone in the same manner that a contact lens is placed on

the eye.
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" . cases where ocul ar | enses use co

cornea, the lens is placed on this zone in the sane manner, that a ﬁ t act

lens is placed on the eye. 18 January 2005 . WD 02/ 06883 Bd?? 633

Ccul ar lenses found in the: prior art do not use native cornea, but are

fornul ated, . using. sol uble collagen such as collagen hydrogels, e.g
AR

pol yhydr oay thacrylate, or other bioconpatible 144118633 or
exanple, in U S. Pat. No. 5,213,720, to Cverchia, soluble collagen is

gel l ed and crossl kafhQs Rha4 A dSdob bl - dn, addition to 5
hydrogels, U.S. Pat. No. 4, il P Ldlondgg![lsr%élr%“%&?)si}lc el il 0

fro ' n ensubil e r ! 25ak b kN th
rom vari oyg g%@db!’@laﬂn Shibil &%Bﬁ%gggd ??éslég ggo%gwg}(;qe < @gﬁﬁjﬁx r aﬁ%‘fé’? "corn

ens cor neal

i mpl ant's oL adiy af e > ! h 0.t he .corneal bed.
U8, par . ”REAbhohpafhS ERRHR ARk tn SES L NS LSBT I iy man,
relate to. ' cor | tisSs that 10 is tially or entirely
enbedded i %Dhgilg‘gor%’%.&enll% éag‘%lﬂl a(rszsgl %edg%ﬁoégceoa\nsa%ﬁf?é g’nﬁ'nh'l&dé‘.t‘opﬁ . "Nos.
4,646,720, Pey et. al .., d 5,192, 316, .to Ting, is_attached to
reci piSe nt Icl%ér%O eg;’ {P&nsnp A gﬁt{i?]ésg.%gﬂtﬁ Z“V]vaﬁ??f@aq?s‘il%f’%lﬁnsﬂ%@éﬁlq Buavapvy, S, Pat .
No. 4,676,790, to.Kern, |s bonded t reci pi ent cornea using sutures, |aser
wel di ng, opagggﬁﬁgﬁ?P%ﬁm%?ﬂgﬁ¥?ﬂﬁ?ﬁﬁﬁﬁﬁﬁ§ive or crosslinking solution. 15
The ocul ar |ens dﬁéhce of this inyvention does not alter the anatomn cal
‘structure of corRe8F carsEhEe oqylaglenpesse pqsnealitisug thedonses e Tidhengorneadt al . |
discloses a "living contact |ens" consisting of donor cornea that has been
ant eri or |y AR THGyHre @ SpRaEie 326w tepdhgresthe fens foHbewaresal badnilsSIRandNdss f r ozen
prior to reshgﬁing on a lathe which results in stromal keratocyte death.
U S. Pat. N&7LY879%Bsn et el amlffld hifSeto Beyman, atlsle talediss dhmsneal tidowohat20
corneal tissue lens that is nodified by treatnment with a gl utaral dehyde
fixatilve thaitipgheyeniel enheddddds steonzm dihsroevleniess deeivs disviebddiint.S. Phi. s
treatnment alters the basic structure of
- Nos. 4,646,720, to Peyman et al., and 5,192,316, to Ting, is attached to recipient cornea ¢

with sutures. The corneal inlay described in U.S. Pat. No. 4,676,790, to Kern, is bonded to

recipient cornea using sutures, laser welding, or application of a liquid adhesive or

crosslinking sohution.

15 _ The ocular lens device of this invention does not alter the anatomical structure
of corneal tissue. U.S. Pat. No. 4,346,482, to Tennant et al., discloses a “living contact
lens” consisting of donor cornea that has been anteriorly curved for correction of vision.
However, this lens is frozen prior to reshaping on a lathe which results in stromal
keratocyte death. US Pat. No. 4,793,344, to Cumming et al., also describes a donor

- 20 .corneal tissue lens that is modified by treatment with a glutaraldehyde fixative that
preserves the tissue and prevents lens swelling. This treatment alters the basie structure of
the corneal lenticule by crosslinking the tissue.

Furthermore, the cited documents do not show any methods of lens preparation
that remove ﬁative corneal tissue cells and replace them with cells cultivated from human

25 cornea. My inventive device is devitalized of native epithelium and keratocytes to create
' 3




the corneal lenticule by crosslinking the tissue. Further rne th o i ted
docunments do not show any methods of |ens preparation thgg f%‘f@(/g %tlvgs.
- corneal tissue cells gnd_ repl acg t_htemI Wi tg gfel ant ic\ljlet Ie\r;ﬂ ﬁel ! lrJ(r)nmangman
cornea. My iLve device is devitalize )
ker at ocyt eé‘@oﬁﬁ’g’%‘éate 3 WD 02/06883 PCT/USO1/ 22633 an acBfT/B*¥20sdr neal .
tissue, and then revitali _zeghc\im tg: human z’p])éhjt hel i um Ziniﬁlkec{r]? O\(/:\/th eg. ovvnn -
attenpt t0af eRflikbSimdl 6908 Ghd B8 r&RLRLE wilh RTUE « QHYI; 109G Tes, ,
- U S rTE’at. No. 5,374, SéS,l_ltoﬂPa(E ent egu et a£§ Q‘gé;/ﬁrli et:ﬁegf%ﬁyge?;ecolrjf\gg in
‘that " equi w@dmilio cdnStrPh 83-B8Md <EdrRi ROML D&y Qpa :
The ad_dgd kerrg?o%g/tnesédand fpi thel i um ar;ﬁ?lsao%g n%sfjvrwﬁﬁdtéuh%ﬁ:i hi?oijéceih The
tissue usiBG748656 Bkt LUHNG ! BESHLES uled 1230 & L
exci ner Iasgr i s used teélﬁre orm avcf)r ntelﬁ_ \%;éu?ehﬁ ﬁg@ “r’:il?;l ;}Str:Er nleaser -
ker at oni | eysi.S.. - QL %qiqe n IS
used to pe??%lr%%v%% ‘fé?ﬁé? ‘“&B%dg‘{ o? %(Fl:le()ah élfa agtegg‘rﬁjg)git;f "f“r %&avggﬁeh‘igﬁ‘m%‘z ’[r‘]lﬁafj[ e
hot oabl at | 0s ronal hed. u . ] _
Pnaccﬁj?acyhtg[% Og%lﬁl#%gltsﬁégesb Eiissélebllf'lﬁgﬁﬁer‘ée PERCeffEhis 4lg0 GW@t di ;)pt S;e
fromthe dﬁﬁéifeed val ue. Lenses (contacts and spectacles), |nucgn Lats N
able to cortect wthi nI 0. 25hd| opiﬁrs of tpeadfazlsretradt \(;alr gghapé "thea éornéa
6,036,683, to Jean et .al ., shows the use o | ] T the 3.
e e e on 1
irreversibly, coagul ating col | agen. Post-|as (
' i OPFPES- B Bt TRERIGUS, apregimor aseitis ened thpeve stromal  sone
'Cgﬁi gt?isglngh?jiﬁ%gsfto a pre-fabricated donor contact |ens that adﬁeres to
reci pi ent E9i93Rkton efRggmeal flapos & sitprphotoablatiqn afdier expeset] Meoraat dtd ritudiés  nor nal
corneal tissue. The donor |ens may be obtained from human _an ani nmal
sour dfs, i lave shaythatithedpaceprapinef optrettiondty dloiy prsedantinapbd sehichias b2 create an
| lular tissue, and then _
acelit iopter from the desired value. Lenses (contacts and spectacles), in contrast, arc able to~ *

correct within 0.25 diopters of the desired value.
U.8. Pat. No. 6,036,683, to Jean et al., shows the use of a laser to reshape the
comea. However, the laser changes the native structure of the cornea by ine\fersibly
15 coagulating collagen. Post-laser relaxation of collagen isnot possible with this treatment.
This invention, however, in some variations relates to a pre-fabricated donor contact
lens that adhe;es to recipient cornea without sutures. The lens preserves the anatomy of
- normal corneal tissue. The donor lens may be obtained from human and animal sources, is
devitalized of native keratocytes and epitheliuim to create an acellular tissue, and then
20 optionally revitalized with at least one of human keratocytes and epithelial cells to maintain
lens viability and decrease antigenicity. The inventive comeal overlay technique may be
completed under local anesthesia as well as general anesthesia, and the availability of a
precut lens will greatly decreése procedure time, patient cost, and risk of operative
complicationé. The duration of healing will also be reduced due to the implementation of a

25 lens already repopulated with ker@tocytes.
: 4




20 optionally revitalized with at | east one of human ker at1§(r:‘f'¥’t es ?@&? . |
epithelial cells to maintain lens viability and decrease P&j%}ﬁ' y. The
i nventive corneal overlay technique my be conpleted under | ocal

anest hggiodo@g; Wel | as general anesthesia, and the availability of a precut
lons will ‘greatly decrease procedure tinme, patient c"d%rt"fs‘”a{ﬁ%?% sk of "
operative conplications. The duration of healing will also be reduced due

to the inpliwent dtciciiad ddcumentd Shdvas sagde Q3 int SBIRYL @és%ewihgginker atocytes. 4

18 January 2005 WO 02/ 06883 PCT/ US01/ 22633 None of the cited docunents

shows or suggest ny invention as described herei.n. SUMVARY OF THE | NVENTI ON
A first aspect of the present invention provides an ocul ar | ens device
conprising: a |lens core conprising donor corneal tissue having a generally
convex anterior surface and a posterior surface, and conprising at |east

one of a.) replaced kerat aayResr ¥ oA nreRSTER e and b.) repl aced
epithelia! cells covering Tl‘e‘am—a*p'orﬁ—cm—tj@ai d anterior 10 surface.
The |l ens core may adhere to recipient cornea wthout sutures or other
adhering materials. The |lens core may be variously used to correct

asti gmat i snf* HyGIsPect oh P aresant iawentiopmsetigesyinaculpn éenks dasice osmprisiye:be nade of
transgeni ¢ or xenogenic corneal tissue. Properly. treated, the inventive

| ens may haves g6 lakichYnali 9 . of humpn 15 corneal tissue of
a corresponding t hi cknegs.mér e P‘é%geé%g%g&?%}.m%%‘tmﬁa EVEX FBYHIL i zed, or

chem i ' L& ver riatiqns of the device may
cont a?ﬁirfa%%%r{dgag%o‘égi é\f_%lgfg?\et’ éﬁd(%?ﬁc})vdt% RepLEfgoas Dfc/@'f'reSr Iﬂ’?ﬁfﬁ&?ﬁ@ﬁﬁ%’é‘i ve agents. A

‘secon [ ese invention .provi des a.nethod for the
or epa%&tﬁ?%%égfé);anr?téhem&a&% e@ﬁheha%eﬂs covering at\ieast a portion of said anterior

10  surface. The lens core may adhere to recipient cornea without sﬁtures or other adhering
materials. |
The lens core may be variously used to correct astigmatism, myopia, aphakia, and
presbyopia. The lens core may be made of transgenic or xenogem'c.comeal tissue.
Properly treated, the inventive lens may have a clarity at least 85% of that of human
i5 corneal tissue of a corresponding thickness. The lens core is not frozen, lyophilized, or
.chemically treated with a fixative. However, variations of the device may contain

therapeutic agenis, growth factors, or Immumosuppressive agents,

A second aspect of ‘the present invention provides a method for the preparation of an
ocular lens device comprising:
a) harvesting a lens core comprising donor corneal tissue and having a generally
~ convex anterior surface and a posterior surface; and |
b) having replaced epithelium covering at least a portion of said generally
convex anterior surface; and
c) having replaced keratocytes repbpulating said lens core, comprising the steps '

of:




ocul ar I ens device conprising: a) harvesting a | ens core conprising donor
corneal tissue and having a generally convex anterior surface and a
posterior surface; and b) having repl aced epithelium coPelenidy£00% east a
portion of said generally convex anterior surface; and c) having replaced
kerat ocytes repopul ating said |l ens core, conprising the steps of 18 January
2005 i) devitalizing said lens core; and 1ii) revitalizing said |ens core.

- An enbodi nentiymay duvirsligee thalenatéer asgharp di ssection of a lenticule from
donor corneal_ tissue,. the posterior surface nay be shaped using an

abl ative | aselt) sueMitaZingsaidleps ¢ase. | aser or other suitabl e shaping |asers.
Native epitheliumand keratocytes can be renoved and then replaced, as
desired, with human epithelium and keratocytes. A third aspect of the
present invention provides an epithelial delam nator for separating a
l'iving epithrel embodihat enayegiooide fthanmafesd shyg Hdsdction afi aalzhgeulerfrono doeal
surface and an epithelial tissue |ayer, corrgri sing a device confj %Ered for

i f ti ngomeahite. H5rPRIEATIOS iFaee, MAY stfbghand iuaimey it AR KU ATED TPk T gn
eprt helek@ilmgg WLF or DHRS &ﬂ%ﬁl@lshypiflg qgserr. (Ngtflf/? ;éggﬁélilfrﬁ SaH GeRokyRRY i Rg Wt

| east an edge connected to the ‘corneal su A fourth aspect of the

pr esentremovegninid oienpeplucaic as desired) witke hiuahn dgitleiiimandkefabocytesepar at i ng a
living epithelial tissue region froman eye having an anterior corneal
surface and an epithelial tissue |layer, conprising a device configured for
lifting fromthe corneal surface, a substantially continuous, |iving
epithelial |ayer substantially free from corneal tissue and having at

least an adgifd e0pReet Rl &ehlfvERiAGRbig {ace, said device
. -epithelial delaminator for separating a living epithelial tissue region from an eye
| having an anterior c.omeal susface and an epithelial tissue layer, cdrhpﬁsing a device configured
for lifting from thie corneal surface, a substantially continuous, living epithelial layer
substantially free from corneal tiséuc and having at least an edge connected to the comeal
surface.

A fourth aspect of the present invention provides an epithelial delaminator for
separating a living epithelial tissue region from an eye having an anterior corneal
surface and an cpithelial tissue layer, comprising a device configured for lifting from the
corneal surface, a substantially continuous, living epithelial layer substantially free from
corneal tissue and having at least an edge connected to the corneal surface, said device
further configured to be removed from contact with the corneal surface leaving the

living epithelial layer attached.

An embodiment may provide a method of corneal overlay that can involve de-
epithelialization of a portion of the anterior surface of the recipient comea and
placement of the invention ocular lens device upon that anterior surface. Another

embodiment may involve the

ba




further configured to be removed fromcontact with the corneal surface
leaving the living epithelial layer attached. An enbodi ndft! aWSPQﬁ‘/l de a
nmet hod of corneal overlay that can involve de- epithelialization of a
portion of %{m terl or surface of the recipient cornea and placenent of
the invent Ol 6 | ar | ens device upon that anterior surPAEESVIEAGEher
enbodi ment may involve the 5a 18 January 2005 WO 02/06883 PCT/ USOl /22633

t enpor ar I tion or the
_ np y t&ﬁﬂﬁ&?%&ﬁ%&tﬁﬁ o € eﬁiﬂ{hﬁﬁet shaly ts{lbs[ﬁ:\ﬂensﬁ]blz%% dﬁ:ets ﬁ%‘% acerr{eﬁ S al

procedures and pl acenent e inventive

tissue. B%fﬁ%lm]gﬂg]%% Sk t@?ﬁ - 5 Figure 1 is a superior,

- cross-sectional view of e eyet;élfnL rgure 2A is a side view of the focusing
point in nmyopia. Figure 2B is a side view of a focusing point corrected by

flattening the anterior curvature of the.cornea. Figure 3Ais a side, .-

cross-sectional view of ag ' . igure 3B is a

side, cross-secti onal Vi ewﬂieﬁb%gdﬁ?& %W%ﬂﬁﬂi\v&qg suitable - for

< TAMNT T U oo oOurrot

corregting nyopi a. e 3C. i cross-sectional viewof a :
pre- f%bl‘l cated dg: ?ésr?ssugffﬂr%?%’s‘“%’ﬁaléfm@&?‘?‘%’ aphakia. Figure 3Dis a
front view of a RLE- I ca‘iﬁgd dgﬂtg | ens suitable for bifocal use. 15
Figure 3E is a si e Braf ‘X?P%Wﬁqmttlﬂélylﬂpﬁ 3C I ens positioned

away fromthe c rnea f an, eye. Flfgure 3F.is a front view of an inventive
lens having an oV&Fatfpisdgideiaveda fapusmgpeint correcicd by flattening the anterior

curvature of the comea.

Figure 3A is a side, cross-sectional view of a pre-fabricated donor lens.
10 : Figure 3B is a side, cross-sectional view of a pre-fabricated donor lens suitable
for correcting myopia.
Figure 3C is a side, cross-sectional view of a pre-fabricated donor lens suitable
for correcting aphakia.
Figure 3D is a front view of a pre-fabricated donor lens suitable for bifocal use.
15 Figure 3E is a side, cross-sectional view of the Fig. 3C lens positioned away
from the cornea of an eye.
Figure 3F is a front view of an inventive lens having an overlapping epithelial layer. -
Figure 3G shows a side cross sectional view of the Fig. 3F lens.
Figure 3H shows a side cross sectional view of an inventivé lens in a carrier..
20 _ Figure 31 is a front view of an annular inventive lens. Figure 3] shows é side cross
. sectional view of the Fig. 31 lens.
Figure 4A is a side, cross-sectional view of an area of de-epithelialized recipient
cornea prepared to receive the optical lens of the present invention.

Figure 4B is a side, cross-sectional view of the donor lens after placement on

25 recipient cornea.




Fi gure 3G shows a side cross sectional view of the Fig. 3F lens. Fi 8ur.e 3H
shows a side cross sectional view of an inventive |ens ini&Jearawv@P0s 20
Figure 31 is a front view of an annular inventive |lens. Figure 3] shows a
"side cross_ sectional view of the Fig. 31 lens. Figure 4A is a side,

cross- sect "O4"%§f ew of an area of de-epithelialized re®CHUEN22680r nea
prepared to receive the optical lens of the present invention. Figure 4B is

asi de, cross-s | j : : after placenent .. 25 -

reci pi ent cor n?g.gﬁrg@%%O%gﬁﬁéggéf%%gg&q%dﬁéﬁ g%‘é@ﬁﬂ%&%ﬂéﬁ%ﬁ?rﬁiﬁgé&fi gure 5
show a series of steps for introducing an inventive |ens subepithelially.

- DETAI'LED DESCRI PTION 5 The eye is designed to focus |light onto specialized
receptors in the retina that turn quanta of |ight energy into nerve action
potentials. As shown in Fig. 1, light rays are first transmtted through

the cornea (100) of the eye. The (L: parent due to the highly

organi zed structure of its coll 08 —The rgi ns -of the cornea
ner ge . with a tough fi b({o.col(f_ltageno gpéscl era_ag_102) and js referred to as
the cOrneo- scl er al ™ QY & CSHBPHR U HEK g0l shepalized feprptosintthegting thathe

cor neo-scl eral Iay?{_ enclosing the anterior one-sixth of the eye. The
snmoot h cur WH 1R GF light gnergy inte-ner achion Roigngplss 48 shavign Bisndylight rays srages on
the retina (:.104) ang itqggrovi des nuch of the eye's 60 diopters of

conver gi ngt™HEREPIttedfheoued threamea (W) efthaesst Jhe serpends trasparet dug tosthist ai ned by
di ffusion of nutrients and Qxygien fromthe aqueous hunor (106). Sone
oxygen i s HeyogarizsAsirustispf itheollagenditnids. TS nemging ofifheemea Tivegeavidse ul ar
‘nature of the cornea decreases the i munogenicity of the tissue,

i ncr easi ngfotHeibserolageaoysaseleradi 02) endvis a¢ferredsin spthawbmeo-scleral layer.

10 The comea (100) is the portion of the corneo-scleral layer encloéing the anterior |
one-sixth of the eye. The smooth curvature of the cornea is the major focusing power of
images on the retina (104) and it provides much of the eye’s 60 diopters of converging
power. The cornea is an avascular structure and i.s sustained by diffusion of nutrients and
oxygen from the aqueous humor (106). Some oxygen is also derived from the external

15 environment. The avascular nature of the comea decreases the immunogenicity of the
tissue, increasing the success rate of comeal transPIants.'

The cornea consists of five layers. The outer surface is lined by stratiﬁed
squamous epithelium which is about five cells thick. Failure of epithelialization results in
ﬁecrosis of the stromal cap and potential scarring of recipient cornea. The epithelium is

20 supported by a specialized basement membrane known as Bowman’s membrane, which-
gives the cornea a smooth optical surface. The bulk of the cornea, the substantia propria
(stroma), consists of a highly regular form of dense collagenous connective tissue forming
thin lamellac. Between the lamellae are spindie-shaped keratécytes which can be

stimulated to synthesize components of the connective tissue. The inner surface of the




The cornea consists of five |ayers. The outer surface is |jined b% : '
stratified squanous epitheliumwhich is about five cells 8n@aKa ﬁgpﬁ_ure of
" epithelialization results in necrosis of the stromal cap .and potential

" scarring ogv%&%iﬁ&gent cornea. The epitheliumis 20 supported bﬁ a _
speci al i zed basenent nenbrane known as Bowran's nenbranePCHHI%H23%i ves t he
cornea a snooth optical surface. The bulk of the cornea, the substantia

propria (sbfmepisdhed BPNBYE0S fifdensa BlddMotall @B R BRI TRk e Ffﬁgscgl%tl,sagenous
connective tissue formng thin |anellae. Between the lanell1ae are

spi ndl e- shapeethkR! 24RE iR 1M SRkl nRebsdid-mul ated to synthesize conponents '
of the connective tissue. The inner surface of the 7 18 January 2005 . WO

02/.06883 PCT/ USO1/p22R33u&0 MR oked, b ?fcgsiﬁ%g&nér%ﬁ{e Blneh &s}a}‘:;[ntnﬁai% g glnggt ihgl i al

cells which are supported by Descene nbrane, a ver

baserent TagRagey 8 S UBUE TR LORGR s . BRSSPI el

cornea is primarily dependent on e radius o

surface. | BanyopLA &R oI o8y caals dhNEreased . curvat ure of the :
cornea (200) ’causecslcﬁﬁaetﬁr%ocus?i ngpgzlron%Ca(‘)’?éslqwg]ﬁfusf‘%}?“(t?f)iélghtfﬂys G910 short

of the reti L.n._ FH.gure 2B ening the anterior curvature of the
cor nea (28% 'h(%%%%%festm? Ejé)g#c}ggfguﬁ%%‘r&{a%[%gg 813 PRIGERR SeTre pldbe ¢9rpRst ur es | n

a first varjation of the. inventive |lens, the physical shape generally is of
a size 10%0%&053 tfﬂbeﬁ(?“’%ﬂt(?%t upon installation on the cornea,

suppl ements the curvature of the _cornea to correct abnormal conditions
such as astigmati sm nyopia, hyp fye , r and aphakia. O her
variations of the_l e]g% may be shaped to be placed beneath the anterior
surface of the holt® Ui REaioyofihy meniiee ks, sheydipied shipe goutirdltis ofn size
Typi Cﬁ)l ly, t(Pe ens _core may conprise or consist essentially of acellular
donor and configuration that upon installation on the comea, supplements the curvature of the
cornea to correct abnormal conditions such as astigmatism, myopia, hyperopia, presbyopia, «
and aphakia. Other variations of the lens may be shaped to be placed beneath the anterior
surface of the host cornea or to serve as a source of medication.
Typically, the lens core may comprise or consist essentially of acellular donor
15 corneal tissue that bas been devitalized, e.g., treated to remove native keratocytes and
epithelium, to lessen the chances of tissue rejection and then at least partially revitalized,
e.g., treated to introduce at least one of human keratocytes and an epithelial layer, to allow .
and to support continued use of the inventive lens in place on the eye. Iiis within the scope
of this invention that epithelial cells be (often in the form of a discrete layer) be placed on
20 at Jeast a portion of the anterior surface of the inventive lens. In some variations of the
inventive lens, all of the anterior surface will be so-covered. In one variation discussed
below, an epithelial layer will extend beyond the periphery of the lens core and optionally

the lens be carried in a biodegradable carrier that is used during placement in the eye and

later. disappeérs_




15 corneal tissue that has been devitalized, e.g., treateg to rengv native
keratocytes and epithelium to |essen the chances of tissad@M%£¥%n and
then at |east partially revitalized, e.g., treated to introduce at | east
one of hu ’ atocytes and an epithelial layer, to allow and to support
'continuedmﬁggbﬁ%gahe inventive lens in place on the eyePCTUSH1I€2¢% Bt hin t he
scope of this invention that epithelial cells be (often in the formof a
di screte | ayer )b plifeahs Ahy 30 pikecd §RSH L QiR 1108 RS T 105, Sur f ace
of the inventive Igns. I'n so%e &%r?a@?%ngﬁgﬁg%ﬁ%amﬁﬁsg% ?SSHFER%$°%|| of
the anterigi,SHhkl ' - COVIEL vari.at i di scussed Dbel ow,
1 %&%34% oxpﬁatgugurrgegy]gars] ggqt%ljego%a? P e?erabffly 11;1(%{1}% \efaIfagi £

an epithelial lay exten € periphery o Hs%core and

optional | c i i i odegr.adabl e carrier, that is used

Gt g pl he BVEn ERReRind Sl b IR BT SRR S0 ™602 1o
02/06883 PCJ./ US01/ 22 The inyenti. l.ens be pl.aced.on host eye from
ot ob oy ey thRGR, HEn R Yl Be SR TR PR G Spath bor nea

‘has been r.enmoved.., Pref i,h this_variation of the_ inventive procedure,
subst ant i afyy Ohgpfthelpun ‘ﬁ‘iead?&fnﬁ h&%ﬂﬁ?&%dw@@ & RERERAEY OEFW‘E%‘@ thé k8f on upon
“which thée inventive lens wi.ll be sited.. The | ens may al so be pl aced beneath
a5 layer Bf° tﬁ%ﬂtﬂw P CF\i‘,’\thE}OEftFBWF? Pran Qfher wlprces bengaihithrgutfpce obitscedur e of

i ntroduci the leps . onto the anterior surface of the host cornea or in

ot her i nsg’g’ﬁc‘;@glei‘)e dRYFikeleat mpnbeust vimuslyfe serrestiefrastion thesauspofitt i ve | ens
may be used variously to correct refraction (because of its shape) or it
may be useBS) gl g %ﬁ' used Frpdy 19 psoidecasayteeiof infigsed mediditionte Baeyo t he eye.
"The donor lenticule or [ ens core may be obtained from other human

(al | ogenei c) ofhe dayorf lspiagudpordensegre Masehroreaiiad)fropethodeman(blogreicatre -
xenogeni ¢ sources include rabbit, bovine, porcine, or guinea pig corneal
tisstl. THerEsliswe (feapgenin) s@scarahpatoptate ammgtmio murrea islpdn iabbitdorineal ti ssue
or corneal tissue grown in vitro. In many instances, it is desired that the
ar chi t ect wowingf ortguimee pigrvenieall twgrer Shi nculivdembenzes athy talss sorag frbih erangexial

- corneal tissue matrix, -

corneal tissue or corneal tissue grown in vitro. In many instances, it is desired that the

architecture of the comeal layers in the donated tissue, the normal corneal tissue matrix,
e.g-, the connective tissue or the stroma, be substantiafly preserved. The “corneal tissue
15 matrix” is made up of thin layers of collagen fibrils. The term “donor corneal tissue™, as
used here, is meant to include donor or harvested comeas or corneal tissue containing the
“corneal tissu¢ matrix”. Additionally, in most variations of the invention, it is highly
destrable to preserve the anterior surface of the donated corneal tissue as found beneath the
native epitheliam. The donor comeal tissue is not to undergo harsh treatments such as
20 lyophilization, freezing, or other chemical fixation. Nevertheless, it is sometimes desirable
to utilize only a portion of the anterior surface of the donor lens, e.g., in those instances
where the inventive lens structure is annular in shape.
The ocular lens device of this invention desirably includes Bowman’s
membrane, where the donor tissue includes it, to maintain the native structure of human

25 epithelium. Again, it is highly desirable to harvest from donor sources in such a way that
' : 9




e.g., the connective tissue or the stroma, be substantiall reserved. The
"corneal tissue 15 matrix" is made up of thin |ayers of cégrjg@@ﬁyé(?%’ri'ls.
The term "donor corneal tissue", as wused here, is nmeant to include donor -
or -harvested corneas or ‘corneal tissue containing the "corneal tissue
matrix". AJSPLYYRHE 1y, in nmost variations of the inventi BET/UBt/2263 hi ghl y
desirable to preserve the anterior surface of the donated corneal tissue as

Undor go har Rt sar AR LN AL o IR 1P el oof rag i ettt er

under go ‘harsh treatnents su
nmes.desirable to utilize

- chemcal . fj | rthe S, L.t .l onget |
only a por t%nérglﬁnlg? H%Vﬁe* %Iﬁ%réorria‘é@%s B‘%r#‘%ué%r?yo%e”ﬁ’ﬁ TG RlpRsieps discgssed belownose
i nst ances the inventive |ens strycture |.s annular in shape. The
ocul ar " | ens%gg‘gﬂ%%é’mg{m ‘i’lﬁflg“q %%@H%Wpﬂééﬁ%ﬂﬁ/}‘?cﬁﬁ%B@%WBMW% of thenbr ane,
where t he ducl)nOE ti.ssu& i nclﬁgﬁ? i.t, o maintain the native structure of
human 25 epPiHars Tt RErae efldn W"Eﬁl"‘ﬁ‘?}' gesrallynyill be at lpast-S¥a+préfeshlydonor
sources in sg}gh g‘yamwat 9 WD 02/06883 PCOZT/ US01/ 22633 the native :
anteridr sUFFEER /per % aed ptterdraiivatleash Y Wa et thagiof humgawernead tisstevfiat t hese
native structures have a superior ability, particularly after the
revital i zatPBAPerHpEthRkeesSssed bel ow, to support and to maintain the
repl aced epithelium al so _discussed below. The clarity of the inventive
. tissue lens core hawdvealdipmetes pf the iargutiye hens ad foyctiondlly dpproptiate eqstfor85%
. preferably 5 between 75% 100% and nost preferably at |east 90% of that of
" human cor nélg desirasigeregtion, ansgeegplbnid lasgthehatsion2smm s encropefealbly idi anet er of
‘the inventive lens is functionally appropriate to perform the desired
" correcti onbeteen Hearsl Bl . iThe thégsedsloftke adsolting 2ms Daang fitichapy ef erably is
- between 10 and 15 mm The thickness of the resulting lens is, again,

f unct1®nal leypréfriaapiorpepbinatie desdrep ebialion, the g@ﬁ&llngss@%r?)@@gﬁ?ﬂmree- g.,
generally less than 300 Inn,. nore preferably between 5-100 m

- -preferably between 5-100 pm. ' K

L3

As shown in Fig. 3B, a lens core (316) for myopic patients is formed,

preferably using the procedures discussed below, in such a way that a generally circular
région (318) in the center is flattened in its anterior curvature. In correction of aphakia, a

15 - lens such as is shown in Fig. 3C is formed having a comparatively thicker center (322) and
a thinner perimeter (324). In general, the shapes discussed here are similar to those found
in the so-called “soft” contact lenses and instruction may be had from that technology
relating to the overall form of the lenses selected for correcting specific ocular maladies.

As shown in Figs. 3D and 3E, the inventive lens may also be used to correct

20 presbyopia. In particular, to treat presbyopia, the lens (330) is also provided with an
generally 6paque annular region (332) adjacent the center of the device. The open center
(334) preferably has plano-lens characteristics and an effective diameter of less tflan aboﬁt
1.5 mm, preferably between about 0.5-1.5 mm, and most preferably béetween 0.75 mm and

1.75 mm. The diameter of that open center (334) or central area or “pinhole™ is generally

10




As shown in Fig. 3B, a lens core (316) for nyopic patientsg,i,s for
preferably using the procedures discussed below, in such 33\7{)3’9)“%?&1%
“generally circular region (318) in the center is flattened in its anterior
curvature. .J qzﬁ)&rsgection of aphakia, a 15 ' lens such as is shown in Fig.
3Cis formdd Ravihg a comparatively thicker center (322FCE¥S9V26%hi nner
perimeter (324). In general, the shapes discussed here are simlar to those

found [N EhiesSrdlcbedic Rats infURE Apliab SRRt IR J Ry Re had

fromthat technology relating tot over formo es S8l ect ed

. for correcty ol > | 8S. Q i.nFigs. .3D.and 3E, the
brlei6s SRRl %ﬁ@&Hh%%ﬁfgégrﬁ% théoﬁvegagi DA 5 daPR ot oF SFYS cul ar

h . fi
inventive | ens may al so be use ect presbyopra.=Tn

to treat | ' Lded. w th |
opaque anniar seng <055 B heiod Wt frbdl, R siE ot doiBe oS Gpen

center (334): | ano-1 ens aracteristics and an effective
di anmet er o?é ]Ing(gsrgértg ‘{?g%l.%,b%ﬁfen 4 m%rshsg nFeélgeg roéfﬁc%/or %ftf}% "ﬂg{’ﬁ?ﬁ‘f’n 6°82% 5 mMm
and nost pﬁﬁj(r% ngd%t ween 0.75 remand 1.75 nm The dianeter of that

ACLIVE. "o woos
open center or central area or "pinhole" is generally. 10 18 January

2005 WO 02/ 06883 iCTééJ%(’)?ll 22633 forned and sel ected to be | ess than the
pupi | | ary di anet et Sot™ FRES ASWE: E(RE-spohiopd yiagh dhe mppndve lepe33Qshewn isi nhol e
effect, th reb)é | e %theﬂi ng the gverall effective focal |ength of the eye
and mi ni ni ﬁﬁ'ﬁ‘& Oh&UFreRighe FHerian surfase of acosnead gy i lastratycresin fiahisesald | ens
desi gns catrﬂjtsal SO. ber i ncorporated, e. tgn , concentric rings, segnented or

‘sectors of MiSauiou Tl owterligpeten(339) afthe spague prlr Hes (330) ideteradlot | ve. Fi g.
3E shows a side, cross-sectional view of the inventive Iens (330) shown in

Fi gur e 3D, Seieaied sxthat if iysmaterdpandhe dametar(@39of tepopih@40)i8 k)iris (G42) ihust r at e

certain features of this variation. The outer dianeter (336) of the opaque

annul’8r rilAY lebbondifignsy dp ey thesst s corach ad lanh and the inventsmidnk er t han t he

di ameter (338) of the pupil (340) in the iris (342) in

cooperate in such a way that incident light passes both though the center of the opaque ring -
(334), but more importanly, around the periphery of the opaque ring (332), to allow
corrected sight during low light conditions.

The annular ring (332) may be situated on the lens core either by placement of a

15 “suitable dye, i.e.,. by “tattooing”, or by placement of a substantially opaque biocompatible
member of, e.g., Dacron mesh or the like, on the posterior surface to filter light rays. Other
placements of the annular ring (332) may be envisioned, e.g., on the anterior surface of the
inventive lens. The annular ring (332) itself preferably is quite opaque, e.g., passing less
than about 80% of incident visible light, but may be chosen in such a way to be less opaque
- 20 or to correct other maladies such as colorblindness by shifting an incident color into a
visible range by color refraction or the like.
As is shown in Figures 3F (in front view) and 3G (in cross section), another

variation of the inventive lens device (346) includes a core lens (348) as discussed above

but having an epithelial layer (352) that extends beyond the periphery (350) of that lens

25 core (348). The method for producing the variation (346) with an extra-periphery epithelial
: 11




-~ visible l'ight, but may

- 10 low light conditions- in this way, the eye's cornea and_|l ens and the
i nventive lens cooperate in such a way that incident |igHf Jga4au<0Bt h
"~ though the center of the opaque ring (334), but .nore inportantly, around’
‘the periph ke opaque ring (332), to allow corrected sight during
| ow | i ght g‘é’é&?f[’ﬁsggs. The annular ring (332) may be si tung&’S‘Hgni:’He | ens
core either by placenment of a 15 suitable dye, i.e_, by "tattooing", or by
pl acenent ohy@ ($12Patamid & hy nRRedYeRhACRIRALL AL £ e e Dacron
“mesh or the ?’i ke,pon t he posterior gurface to ?!lﬂl%tneegg%qeg{ﬁ%%??&& her

bl acement s @hsyiesAa iatea'ih BO:cai314 0¥, B) GOV S NG gen%ra?%%%ﬁ{ﬁgé i

~anterior surface o inventive | ens. ng

~preferably ,Shddhiehiby ,t?]eedog(-)mop@@g;@gsa! ess than about 80% of incident
e chosen 1 n suc way to be | ess opaque 20 or to -

correct other mal agj ' & bLi SS shiftin n i ncident color
into a visible rﬁ&g%%yggﬁg% S(rflg*‘vﬁr%é%b%lF'?rﬁ]’%Fs I{aﬁé Fhgesevael fuctigigun i n .
Fi gureg 3F {10 ] i and 3G (in.crass,..secti anot her_ variation of
the i n\§/ent_ iIf/&eSEI1tf ﬁ‘%q%géis%\e,\sqrftgg%r)gr? Iogﬁlggpl e&%ﬁ@f“ %gépl’(%&% cdigeghat thgs s ed
above but havin .epithelial lLayer (352) that extends beyond the

peri phery (cgkgeol ns%?@ P‘Fdﬁacleé S thfgepétg%/lg‘li k&%‘é@?z}ﬂ' ngs fEErhouiaspbeygpdiaci ng t he
~variation (346) w an extra-periphery epithelial 11 1 8 January 2005 WO
02/ 06883 P%FF%%@&?@%@? ﬁeai,@?@(?g%‘z esSePPeTt A1 the otherwiseeiagile pritheil dayer bed

el sevvnere_ggg%ijil except_that the lens core (348) is desirably placed in a
carrier (3%¥%nih@raer 350 may bepjageddmarfarmensia pardpgrly smbed recengacle thatt ine
‘anterior surface of the donor core lens (348). The carrier (354), as shown
in Fig. 3HWAeEPYdEssyrregioale Segjlecaties (34 dusing theSteps pfgrowirg aprepitielisls a
substrate for growth of the epithelial layer (352) prior to the tine that

‘the ¢&%re Ha®8G6B48) is placed on that epithelial |ayer (352). This extra

surface beyond the
The combination (356) of carrier (354), epithelial layer (352) -- whether the .

*-

epithelial layer (352) extends beyond the periphery of the core lens (348) or not, e.g., the
epithelial layer (352) is situated only on some or all of the core lens (348y — and core lens
(348) placed on that epithelial layer (352), as shown in Fig. 3H, is another variation of the
15 invention. The construct (356) shown in Fig. 3H may, upon proper choice of materials for
the carrier, be placed directly in the host eye thereby providing support for the epithelial
layer (352) and core lens (348), as well as optionally, medication or other treatment
| materials for the eye during initial placement.
When the carier is used for placement in the eye, the carrier (354) preferaﬁly
20 comprises a material meeting two related criteria. First, the material desirably is one that
dissolves, erodes, or otherwise shortly clears from the eye to be treated after the
combination (356) of the carrier (354) , epithelial layer (352), -and the donor lens (348) are
introduced to that eye. Preferably also, the carrier is of a material that serves as a substrate
fora pre—groWn epithelial iayer. Most desirably, the carrier (354) satisfies both criteria.

25 The carrier (354) may comprise a material such as collagen, gelatin, starch, glucosamine
: 12




peri phery of the core | ens (348) provides support for the otherw se fragile
epithelial layer (352). The carrier (354) may be placed {'BJ8Ruaped¥ in a
properly shaped receptacle that, in turn, provides support for the fragile
carrier (354) during the steps of growing an epithelial 10 I%yer (352).

The conbi n&PIYH*3356) of carrier (354), epithelial |ayePCTASMI633 whet her -

- the epithelial layer (352) extends beyond the periphery of the core |ens

(348) or n .1 i.thel i;al i ituale | ¥, on some or
Bl of t hodthean pfbrens. %ﬂ@’?eﬁa&eé‘h‘%f’lﬁ%ﬂrl@?ag%%ﬁ ?@1@3”%‘3? ok 181 LB CE0i t hel i al
layer (352),. as.sho in.Fig. 3H.1s another variation of the 15 invention.
The const'rt%}?:1 %( %QHB%%Y?‘%SﬁOg}fd‘WOr?ﬁyﬁm-upon proper choice of materials.
for the carri be ed directly i.n.the host eye. thereb rovi di ng
support for + habkaRrAaP shrm| A d el ediHon U RLE iR BLSRLY| "5
optionally, nedication or. other. treatnent materials for the eye during
initial plﬂ’g@?%%?eswerfaﬁemgléerlﬂlﬁeer is used for placenent-in the eye, the
carrier (354) preferably 20 conprises a material neeting two rel ated
criteria. Fi rsﬁz}guﬁ%é?ﬂﬁ%‘ﬁ%a > IGRREPUEh 9 o8t ifE aphapide grossripad viesyfdes, or
ot herwi se shortly clears fromthe eye to be treated after the conbination
(356) of tHAIEARY leps (P68 Amving piceniis] Preping 436 pasme)throgghithe feas brdbior | ens
(348) are introduced to that eye. Preferably also, the carrier is of a

mat eri al  tAEouglsibisdensgeriafion (Bed) ppthewn pathoyt agrepithplisllayespit istréthindhe | ayer. Most
desirably, the carrier (354) satisfies both criteria. 25 The carrier (354)
may - conpr i ssepeef thetieventidn e inchwledled lbxegen, gel atin, starch, gl ucosami ne 12
~18 January 2005 WO 02/06883 PCT/ US01/ 22633 gl ucans, proteins,

car bohydr at es, pol yanhydri des such as pol yl acti des and pol ygl ycol i des,
their m xtures and copol yners, pol ydi axanone, etc. The carrier (354) may

al so1Be i nfused w t h medi cat i onPoscesstiheShapieathedrens mat er i al

Returning to Fig. 3A, the donor core lens {300) destrably is obtained after

shcing corneal tissue from the donor with a microkeratome to form that lens core (300).
The donor lens (300) has a structural surface, the anterior surface of the lens core, which
serves as the structural surface of the donor corneal tissue. The lens core anterior surface is

15 harvested preferably to retain the Bowman’s membrane (where the donor lens contains |
one) and epithelivan (302). The posterior surface (304) of the resulting inventive lens is
generally concave in shape, although it need not be so. The anterior surface of the lens
may be shaped viaa shaping step which preferably involves the use of an ablative laser,
such as an excimer laser, to obtain the necessary power of the lens. Another suitable

20 forming step is high pressure water jet cutting.

Sterilization, Devitalization, and Revitalization Steps

Although the order of the process steps outlined below is typical, it should be
understood that such steps may be varied as needed to. produce the desired result.
Generally, the lens will first be shaped to an appropriate shape as discussed

25 above. The lens core may then be subjected to processes of sterilization, devitalization, and
13




anti angi ogenesis materials or the like. 5 Figures 31 and a}% show, - '
respectively, a front view and a side cross sectional vielWdfU8H2PWRentive

| ens (360) having a central opening (362) passing through the |lens body. - .
Al though this lens variation (360) is shown without an epithelial |ayer, it
is within ME?68pe of the invention to so include the PGRAH012268 Process
for Shaping the Lens Returning to Fig. 3A the donor core I ens (300)

desirably Ls;: i ne fLer I.Ci car,neal tissue fromthe donor with a
ni cr oker at %%Q‘F%ﬁ?rgr% WAt Bl P@ 'E@B’G?gm%@ aﬂ‘g]ﬁ%?m?}@‘ﬁs (300) has a
structural flace. the apnterior surface of the ]ens core, which serves as
“the struct &ar%%iiulasn o gmgf %Fﬁgnodi‘??ﬁ ?Vﬂigﬁ" TiEgied {9 &g devitatgatiope e @dditiomnt er i or
ain the Bowran's nenbrane (where

surface is 15 harvested preferably to re owWnan :
t he donor Pe 13853&@%1‘?1@ ﬁ‘gﬁ‘éwoéﬁtﬂg@ﬂﬁfaﬁ erEhio@sowVialipiony o Pnedsssrble ur f ace .

(304) of the,resulting.inventive lens is generally concave in shape,
al t hough iFmﬁﬁggnﬁﬁg’ S@@ggTﬁ%ﬂﬁﬁﬂ Juﬁ%ﬁhﬁéém@ﬂfHWéﬂm@myﬂmdavebe shaped
via a shapjng step which preferably involves the use of an abl ative | aser,
such é%'ank%&%¥ner | aser, to obtain the necessary power of the |ens.
Anot her suitable 20 formng step is high pressure water jet cutting.
Sterilization, Delhesahgtebuifesed salingiPRSY With bititéeticorepBhadjpbeeinadaugid t he or der
of the process steps outlined belowis typical, it should be understood
that such s¥dpeytemmydiperesghitions ued durbgditbst proprsexiudbe RS wigh intdibticesul t .
Generally, the lens will first be shaped to an appropriate shape as
di scussed PBitigbenay.coffaim: | ens core may then be subjected to processes of
sterilization, devitalization, and 13 18 January 2005 WO 1) 2/ 06883 .
PCT/ USO / 22633 revit al \BRtitbantiblRgioval of epithelium (de-epithelialization
and keratocytes

10 | 1. Amphotericin B (ICN Biomedicals) 0.625 pg/ml

] 2. Penicillin (Gibco BRL) 100 IU/mi o
3. Streptomycin (Gibco BRL) 100 pg/ml
4. Phosphate buffered saline (Gibco BRL)
The composition of the epithelial cell media may include:

15 ' Epithelial cell media

1. Dulbecco’s Modified Eagle Media/Ham’s F12 media (Gibco BRL)
3:1 |
2. 10% fetal calf serum (Gibco BRL)
3. Epidermal growth factor ICN Biomedicals) 10 ng/ml
20 : 4. Hydrocortisone (Sigma-Aldrich) 0.4 pg/mi
5. Cholera toxin (ICN Biomedicals) 107" M
6. Adenine (Sigma-Aldrich) 1.8 x 107 M
7. Insulin (ICN Biomedicals) 5 pg/ml

8. Transferrin (ICN Biomedicals) 5 pg/ml

14




(acellul arization) fromthe donor lens will be referred to as
"devitalization". The addition of human epithelium and k&3 damtY 820%i | | be
referred to as "revitalization". One desirable nethod for acconplishing
. those steps is found just below. O her equivalent nethods are 5 known. 10
- 15 Phosph¥@'Biffered saline (PBS) with antibiotics, epPEREBIARS3Bel | medi a,
~and Kkeratocyte nedia are solutions used during these processes. The "PBS
with antibiotics" solyution may..contai.n. . BBS w.th antibiotics 1.
Anphotericin B (1CN Bi%?’é%fﬁlgg’lei%lgﬁ‘?' %“%%Erﬁsm M penicillin (Gbco BRL) 100
| Um 3. Streptonycin i.hc RL). 1 Im .. A _Phosphate buffered saline
(G bco BRL) The corrpéé‘?trfl%?ﬁmg?'mi’wg%g:ﬁggw&efiﬁf’ls}:%ﬁIlgn'gﬂi a may incl ude:
Epithelial cell nedia i Dul becco's Mdi.fi ed Eagl e Medi a/ Haoml s F12 nedi a
(G bco BRL) 20 3:1 2.1 owpé?falrwle%GCQ@W%@%%ZQF&W%. Epi der mal growt h
factor (ICN Bionedicals) 10 ng/m 4. Hydrocortisone (Signma A drich) 0.4
g/ml 5. Chol era toxinlZ Beeiglleistice HR) 199IY/mY1 6. Adeni ne (Signa- Al drich)
1.8 x 10-4 M7. Insulin (ICN Bionedicals) 5 ug/m

. 5 13. Streptomyein (Gibco BRI.) 100 pg/ml

The composition of the keratocyte media may include:

Keratocyte media

1. DPMEM
2. 10% neonatal calf serum (Gibco BRL)
10 3. Glutamine (Sigma-Aldrich) 2 x 10°* M

4. Amphotericin B (ICN Biomedicals) 0.625 ng/ml o

Stexilization Step

After harvesting the lens core from donor comeal tissue and following the
15 shaping step, the lens may be sterilized, for instance, by immersion into 98% glycerol at
room temperature. Three weeks of glycerol treatment inactivates intracellular viruses and
any bacteria or fungi. Ethylene oxide gas sterilization may also be used, but tends to’

induce variable damage to stromal tissue.

20 : Devitalization Step

De-epithelialization
I prefer to de-epithelialize the donor lens by placing it in a one molar solution of salt
. (preferably sqdium chloride) at a temperature from 4 to 25°C. After four to eight hours of

incubation, the entire epithelial layer generally will split from the comeal stroma and may

15




. nsferrin (ICN Bionedicals) 5 ug/m 14 1 8 January 2 WD 02/06883 5
?0 'sl;r aGIS'ut ani ne((Si gma- Al drich) 2 x 10-3 M 10. Triiodot hy?%ﬁ?rﬁ@“(?@% | _
Bi onedicals) 2 x 10-7 M 11. Anphotericin B (1 CN Bionedi cals) 0.625 }rg/m
12. Penicillin (G bco BRL) 100 IUm 13. Streptonycin (G bco BRL) 100
Rg/rnl  Th&V@&Me#Si tion of the keratocyte nedia may incledeusnissat ocyt e
nmedia 1. DVEM 2. 10% neonatal calf serum (G bco BRL) 3. d utam ne

i gma- i - hotericin B (I i omedi cal s)_0.625 g/ ni
- ég#?Bng;gg%%gﬁgﬁgﬁf%gia %%%kgﬁ%gﬂgfﬁékgh%ﬁﬁgg?gﬁég%ﬁ@UWEW§h@E¢@ﬁﬁﬂ@nldonor

corneal ti fplhow ng the 15 shaping step, the I ens may be
sterilized?éﬁgﬁﬂggg?gﬁ%@ﬁgﬁng rsion into 98% gl ycerol at room

: ture. Jhree eks .of glycerol treatnent inactivates inyraqellular
3??‘322‘;‘ ng %‘%ﬁ}ﬁ%gﬁ Eﬁioér%?oq’f ﬁﬁ?‘?}ﬂﬂé‘#ﬁw v b rgofyems: gy ppiebiion may
al so be used but.tenda to induce variable damage to stronal tissue. 20
Devitaliz atn}aglli’e g?lgairom e stroma by means of suction (-100mm Hg to —450mm Hg). After -

5 fifteen minute to 1 hour, the epithelium typically will separate from the stroma at the
basement membrane layer. Thereafter the lens may be washed in a PBS solution with
antibiotics to remove salt and cellular materia).

Finally, the donor lens may be de-epithelialized by placing it in sterile PBS with
antibiotics for four hours and changing the solution many times. The lens core may then be
7 10 kept submerged in the PBS solution at 37°C for one week to produce a split between the
~ epithelium and the stroma. The epitheliom may then be removed, e.g., by physically .
scraping or washing with a liquid stream. Small numbers of lenses may be stripped of
epithelium by gentle scraping with forceps.
Acellularization
15 The de-epithelialized lens may be then immersed in a solution of detergent (for
.example 0.025% to 15% sodium dodecyl sulfate) to wash out the keratocyte cellular
material. A detergent will solubilize and wash out the keratinocytic material. This can take |
place from 1 to 8 hours. Afterward the cellular material can be washed in a buffered |
solution with antibiotics to remove detergent and cellular material.
20 Alternatively, the de-epithelialized lens may be immersed in sterile PBS with
antibiotics -for an appropriate period, e.g., several weeks, perhaps six weeks to remove
native keratocytes. The solution may be changed twice weekly. 111 some instances, it may
not be necessary to remove keratocytes from the donor lens, e.g., when the donor tissue is
obtained from a transgenic source and has minimal antigenicity.

25
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De-epithelialization | prefer to de-epithelialize the don | ens | aci ng
it in a one nolar solution of salt (preferably sodium chﬁngFB\%ry%Og
tenperature from4 to 25C. After four to eight hours of incubation, the
entire epithelial layer generally will split fromthe corneal stroma and
may 15 18 W2HEEHE 2005 WO 02/ 06883 PCC/ US01/ 22633 be eadFF¥sStigasied.
Thereafter the lens nay be washed in a PBS solution with antibiotics to

renmove salt and cellular nmaterial. a-n%ﬁ pod of renoving the

epitheliumis via the use of vacuu ium may be split fromthe

- stroma by neans o{,reﬁglcatdogra (emtOOMM Hg to - 450mm Hg). After 5 fifteen
mnute to | hour, the epltﬁetflumtypi cally will separate fromthe stroma at

the basenent ne e l.aver. Thereafter the |ens. may.he washed in a PBS
Soluton w th antiinosBYR ek GaoS e AT B e TNzl BBt Fi nal 1y,

t he donor }eps,. be de-epithelialjzed b lacing it ip sterile PBS with
ant i bi ot c]L: ! Slrlﬁfclélfang?frog’Paé{ﬁa?r(?ﬁ’a% Sﬁdbat“%eﬁ)“éﬁrlel?f‘? ﬁﬁblﬁﬁﬂtﬁm‘?‘fﬁ%@.&@h‘e | ens
core y then b%\ .10 kept subnmerged in the PBS solution at 37C for one week
to prdduce’ ACLHal S5t ﬁ‘g"’éﬁe’hjﬂrf’é" @8?% Frablfa siffeq therpzorstties phfctal igsue pi t hel i um
may then be.renoved, e.g., by physically scraping or washing with-a |iquid
stream SrBIMTIKEHBEME AFng aySEym W8 PEXEiSpped of epitheliumby gentle
scraping with forceps. Acellularization 15 The de-epithelialized |ens may
be then i mersed PAvRESH}: festdnispipted spigieljalpelly, pbipined Ramsainiopsds t 0 15%

sodi um dodecyl sul fat eL to wash out the keratocyte cellular mterial. A
4

det er gent SpFiepl isgeutmny byseedaddprippspreenatediftndetdayeaof Isthelly imndimeldBal . This can

: take fibroblasts (1.3T3) in epithelial cell media. Cells are cultured and media changed every

10 | three days uniil the cells are 80% confluent, about 7-9 days. Residual {:3T3 are removed
with 0.02% EDTA (Sigma-Aldrich) before the epithelial cells are detached using trypsin
(ICN Biomedicals). Another method of regenerating epithelium involves culturing
autologous epithelial cells on human amniotic membrane as described in Tsai et al. (2000).
“Reconstruction of Damaged Corneas by Transplantation of Autologous Limbal Epithelial

15 Cells,” New England Jourﬁal of Medicine 343:86-93. |

Keratocytes may be extracted from the remaining stromal tissue. The stroma is

washed in PBS, finely minced, and placed in 0.5% collagenase A (ICN Biomedicals) at
37°C for 16 hours. Keratocytes obtained from this enzyme digest are then serially cultured

in keratocyte media. The epithelial cells and keratocytes generated in the revitalization step

20 will be referred to as “replaced” epithelial cells and keratocytes.

Production of the donor lens

The acellular donor lens core may then be placed on a hydrophilic,
polyelectrolyte gel for completion of the ye-vitalization. The preferred polyelectrolytes are

.25 chondroitin sulfate, hyaluronic acid, and polyacrylamide. Most preferred is polyacrylic
17




place from1l to 8 hours. Afterward the cellular nmaterial ﬁgg be @ﬂ?d in‘a
buffered solution with antibiotics to renpve detergent antd“2&d% _
material 20 Alternatively, the de-epithelialized-lens may be imersed in
. sterile PBS with antibiotics for an appropriate period, e.g., several .
weeks, per N4pE6F% weeks to renove native keratocytes. FOeUSIOkBi on may be
- changed twice weekly. In sone instances, it may not be necessary to renove
ker at ocytes fr he. donor | ens, e.qg., when the donor tissue is ohtained
from.a trafdy gH‘]? %S L‘}P‘E@m%’&q‘ﬁ’é{%ociﬁ%rwer% angddnquaipd with gpproxjmatsly dx ll(gnuar y
2005 WD 02/06883 PCT/ US01/ 22633 Revitalization Step Preparation of cells
Human epi t feRiosyteglor f&homsatddrGt derroximaiehethe samep ampunhef epéibéliahedlls aei on
process. Epithelial cells nay be obtained froma tissue bank, but are
pr ef er abl y thsbaddeddel theppteripresitamal surfage. Jiissne orltirainctiatsneontiRedsdbr anethérs ar e
nost preferable, since the properties of fetal tissue mnimze scarring
during any4dboms Kealoryignpediodessngddrvanywe toathtes dhyse Thicy thesspitindlias iepi t hel i al
cells, obtained by trypsinization of corneal tissue, nay be seeded onto a
~ precoat ed fepentested, thegolefectralyieak] draws waei @it eflthd Tehs af 4 peghtcathbout 20-8073) i N
epithelial cell nmedia. Cells are cultured and nedi a changed every 10 three
- days unti | nrhHgaetlthe adginad 04 damthbiv@re oltliast, 7-9 days. Residual i.3T3 are
removed with 0.02% EDTA (Sigma-Aldrich) before the epithelial cells are
detached using tr Rpepladed epitieNuicor@eliaalstd portPSMBE aIBIH QG ARE of fiener ati ng

epi theliuminvol ves culturing autol ogous epithelial cells on human

Damaged. Cor nea by T e At o S B e el g BRI "

core after revitalization.

10 As noted above, another variation of the inventive lens includes an epithelial layer
(352 in Fig. 3QG) that extends from the periphery of the lens core (348). The same "
procedure as just outlined may be used to prepare the epithelial cell layer in the carrier
(354) prior to placement of the lens core (348) onto the pre-prepared epithelial cell layer.

It may be beneficial in some instances also to incorporate therapeutic agents,
15 growth factors, or immunosuppressive agents into the lens core further to decrease the risk

of rejection or remedy disease states.

Placement of the lens on the eye

One procedure for applying the lens of this invention is depicted in Figures 4A
and 4B. During the procedure, the donor lens (300), as shown in Fig. 3A, is pléced ona
| 20 portion of recipient comea that has been de-epithelialized (308). The result is the
placemenf and construct (312) shown in Figure 4B. The lens’ replaced epithelium and the
host epithelium eventually grow to form a continuous, water-tight layer (310). I have
found that the inventive lens bonds or adheres to the recipient cornea without sutures or

adhesives, but can also be removed without substantial difficulty.

- 18




15 Cells,” New Engl and Journal of Medicine 343: 86-93. Kergtao‘k%ét es rrs% be
extracted fromthe remaining stromal tissue. The stroma i TP - PBS,
finely mnced, and placed in 0.5% coll agenase A (I CN Bi onedi cals) at 37C
for 16 hours- Keratocytes obtained fromthis enzynme digest are then :
serially cOPP¥%¥ in keratocyte media. The epithelial @®&TIUS(ExEES
keratocytes generated in the revitalization step 20 will be referred to as

"replaced" epit ' .5 and. keratocytes. Production of the donor |ens
The acel | ul ar d%ﬁ%#lgkjlpel%gﬁlglgtp LCse ?’Weaﬁo%éss P%Hhﬂgng'am Y BRI s
pol yel ectr I r l.etion of the re-vitaljzation. The preferred
pol yel ect r%%%f%rg%gg’rugggﬁggg%g%ﬂb S?’F?P P%ﬁlgl,ly Toyiligroiithat fieikgratogiigs
pol yacryl angi de. Ms eferred i. ol yacryli¢ 17 18 January 2005 WO
02/ 06883 P@T‘?%@ﬁ‘ﬁeﬁ't?% “é@“’&%’ﬁ’fh%” %eﬁéaﬁ @¥-i UEseela P jeas Beldey beennedi a and
i ncubated w 'hlllar%[:\)rr Oﬁ%’r:rgt elﬁ%‘tS X é05 keratocytes for 48 hours at 37C.
Appr oxi mat é’ﬁ%fa VSRR Aotk okshrtbel@l pells iz @lpe accepteble. tIngny exdtiedtep 0 t he
anteripr st I‘(%SHL‘ urface. Tissue culture incubation continues for another
48 houts. Re ‘tgo%arl"@’sﬁé'a’?‘ée 578 (QURhkryang aepitheliahlsyerd 692 reda dayes! st@nee t he
epit hel i um(%os 5 re%ener ated, the polyelectrolyte gel draws water out of the
lens at a P185siR bt tighd showpdbeataceniont afig suetidnl device (696) @i thahntérems
di mensi ons are obt ai ned. R%E@! aced epitheliumcovers at |east a portion of
the anteri 8tisgphthpeyedp0®niThe suption davico(605) apiiies h moded vacauinentieand r epl aced
kerat ocytes repopul ate the stroma of the lens core after revitalization.
10 As not efPiBBE) EyerdhBDhor., hetwicatabout -0F0 hindlg and e H50 menHee RSaisos bdad@s an
epithelial layer (352 in Fig. 3G that extends fromthe periphery of the
| ens core eBh8gpithalied layemi602)ps doediinsteps. Thisblistt (G08)ashicmly iDRIMSAG 4 O
prepare the epithelial cell layer in the carrier
10 physiologic fluid. Obviously, the suction device (606) has a footprint on the surface of the

cornea similar to the size of the lens to be placed on that cornea. Step d. shows the opened *,

epithelial flap (608) and the placement of the lens towards the corneal stromal margin (612)

beneath that epithelial flap (608). Step c. of Fig. 5 shows the finished placement of the lens

(610) on the cornea beneath the native epithelial membrane. This procedure has a number

15 _of benefits including that of being less traumatic to the surface of the eye than simple

- removal of the epithelium.
It is also within. the scope of the invention to use the preparation procedure for the

LASEK procedure in this invention for the step of exposing the corneal swface for

application of the inventive lens. The IASEK procedure is known and , unlike the LASIK
20 procedure, does not involve temporary removal of an anterior flap of corneal tissue with a -

surgical tool but rather only utilizes an ethanol wash and a temporary withdrawal of the

epithelial layer for a laser treatment. Such a preliminary step, the washing with ethanol fo

perturb the junction between the corneal stroma and the epithelium is adequate to provide a

layer of epithelium for temporary movement and insertion of the inventive lens on the

25 corneal surface.
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(354) prior to placenent of the lens core (348) onto the pre-prepared-
epithelial cell layer. It nay be beneficial in some instaﬁéé@agvggoﬁg

i ncorporate therapeutic agents, 15 growth factors, or inmmunosuppressive
agents into the |lens core further to decrease the risk of rejection or
‘remedy di se¥R¥ %t es. Placement of the lens on the eye E¥BUpngzesure for
applying the lens of this invention is depicted in Figures 4A and 4B.

. During the proc ] ens . 00),.as shown in FLg. _3A .is placed
on a 20 porti oﬁq%?&rieesgﬁlgﬁdgﬁ{]ﬁc%ﬁfggné ﬁ“gfmi?géc pﬁ%"é’rﬁ“eﬁ@%&“{:ﬁ% Pf'i’f“i doger (308).
The result | Pl ment d construct (312) sho in Figure 4B. The
| ens' repla‘lt):%1 g%ﬁtﬁ%%?ﬁﬁ¥eﬁ%HFﬁgﬁn%g§fm@ﬁé?ﬁéPwaHP% @%?E&ngﬁa%%vlto form
a continuous, .water-ti | ayer. (310 | have found that the inventive
lens bonds'%wn% ﬁg?%@xggﬁ?%@'?@%ﬁﬂ1 ™%ornea wit hout sutures or .
adhesi ves, but can al so be renoved w thout substantial difficulty. 18 18
January 2005 WO 02/ {16883 PCT/ USOL /22633 Anot her placenment procedure
variation is shown in Fig. 5. In this variation, it is preferable to use.a
core lens that has been only partially revitalized in that the keratocytes
have been replaced but the epithelial layer has not. O course, a core |ens
that has been partially covered with a seed |ayer of epithelial cells is
al so acceptable. In-any event, step 5 a. of fig. '5 shows a native eye
(600) having an epithelial |ayer (602) and a corneal stroma (604). Step b.
of fig. 5 shows the placenent of a suction device (606) on the anterior
surface of the eye (600). The suction device (606) applies a nodest vacuum
‘to the epithelial layer (602), e.g., between about -100 nmHg and - 450

mHg, to raise a section of the epithelial |ayer (602) as shown in step c.
This blister (608) typically is filled with a

20




on the surface of the cornea simlar to the size of the | aced
on that cornea. Step d_ shows the opened epithelial flap (608) and the

pl acenent of the lens towards the corneal stromal nmargin (612) beneath
that epWOHE(FsdF flap (608). Step c. of Fig. 5 shows therdidopj.s3¢d pl acenment
of the lens (610) on the cornea beneath the native epithelial nenbrane.
This procedure has a nunber 15 of benefits including that of being |ess
traumat i ¢rigaMbe surface of the eye than sinple renoval of the epithelium
It is also within the scope of the invention to use the preparation
procedure for the LASEK procedure in this invention for the step of
‘exposing the corneal surface for _application of the inventive |lens. The

| ASEK procedur®® PRl IgwIcHReicomnrisingke t he LASEK 20 procedure, does not

i nvol ve tenporary renoval of an anterior flap of corneal tissue with a
surgical tool blfns Feie hepprsingdonpr ¢irpeaktissne bivireagienaalijheoainek tdiRppor-ar y

wi thdrawal of the epithelial layer for a laser treatment. Such a

pr el i mSHERSE a8 @posierier syefate ang aninphisiof hlewit oftecof apﬁﬂaé@k&ﬂe?&mt i on between
the corneal stroma and the epitheliumis adequate to provide a |ayer of
epi t heFrddsmspreaagporenlycedopinvtinitceincvinseatidan mftidnhe si;dy@Bgdve | ens on
the 25 corneal surface. 19 18 January 2005 WO 021(16883 PCT/ US01/ 22633
have dé®#3debed the structural and physiol ogic properties and benefits of
this donor ocular |lens. This manner of describing the invention should
ndt, however, be taken as liniting the scope of the invention in any way.
20 18 January 2005 WD 02/ 06883 - '

2. The ocular lens device of claim 1 wherein said posterior sﬁrface is generally

10 physiologic fluid. Cbviously, the suction device'(606) s a footprint
enens B0

concave.,

3. The ocular lens device of claim 1 wherein said lens core comprises acellulac

i5 corneal tissue,

4. The ocular lens device of claim 1 wherein said lens core consists esséntially of

accllq[ax corneal tissue.

20 5. The ocular lens device of claim 1 wherein said postertor surface is concave,
6.. The ocular lens device of claim 1 wherein said posterior surface has been
subjected to a shaping step.
25

7. The ocular lens device of claim 6 wherein said posterior surface is shaped by an

.. ablative laser.
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CLAIMS 1- An ocular lens device conprising: PCT/US01/22633 a [ens_core
conpri sing donor corneal tissue having a generally convex 18deREabE00 ur f ace
and a posterior surface, and conprising at |east one of a.) replaced )
keratocytes in said lens core and b.) replaced epithelial cells covering
~at least a POPYI%H of said anterior surface. 10 2. TheP6EWSH22638ns devi ce
of claiml wherein said posterior surface is generally concave. .3- The :

ocul ar | ens deviscqy0ffh-dTub NS i) 158kl ERPoGRLSCOMDE Lses poel |l ar

15 corneal tissue. e ocular 1ens device o

core consi i y. Of |l ular corneal .tissue 20 5. The ocul ar | ens
SStSZi (ﬁ'jlia‘% A htﬂllaaln coﬁleali‘f’sgue ({l% g corespanding ¢ icp

devi ce of cl ereirn sald posté S-concave. 6_ . The
ocul ar- I ens device of claiml| wherein said posterior surface has been
subj ected to a shaping step. 25 7. The ocular | ens device of claim®6

wherein said pogterior.surface i haped by an  abl ative | aser 21 18 }
January 2005 V\Daogmf ?%ganﬁ%vlﬁégffaﬁgi}%eﬁm SPEOYE ?"'&’F hpohdarfbetweerof ¢l ai m
1 whergin sai ular. le as _a clarity at |east 85%of that of human -
~corneal ti ?E?}g 78‘?" 3888]69“? g‘iﬂﬁﬂﬁﬁhﬂ@ﬁhﬁm&%%&ai tisyue qfyecosesponding drekngsyi ce of
claim1 wherein said ocular lens has a clarity between
10. The ocular lens device of claim 9 wherein said lens core has a clarity at least

90% of that of human corneal tissue of 2 corresponding thickness.

10 1. The ocular lens device of claim 1 wherein said lens core consists essentially of

donor corneal tissue. .

12. The ocular lens device of claim 1 wherein said lens core comprises human
corneal tissue,

15

13. The oculer lens device of claim 1 wherein said Tens core comprises allogenic

“corneal tissue.

14. The ocular lens device of claim 11 wherein said lens core comprises xenogenic

20 corneal tissue.

15. The ocular lens device of claim 14 wherein said xenogenic lens core comprises
corneal tissue selected from the group consisting of rabbit, bovine, porcine, and guinea pig
corneal tissue.

25




5 about 75% and about 100% of that of human corneal tissue of a
correspondi ng thickness. 10. The ocul ar | ens device of cl a8 daWaphdiASi n sai d
lens core has a clarity at |east 90%of that of human corneal tissue of a
correspondj t hi ckness. '10 11. The ocul ar lens device of claim| wherein
sai d Iens‘%%gﬂ “&nsi sts essentially of donor corneal ti $§HESOIL2633The ocul ar
| ens device of claim| wherein said | ens core conprlses human cor neal

tissue. 15 13. {&h rein sai ens. core
conpri ses a||Oégn?gggﬁk%ggk3$?§§%§EQ§£P&$§ lmm ER?HEE§FEQH%$m8|aIﬁ]ll
wher ei n sl fcLi8RS,COre conprises xenogenic 20 corneal tissue. 15. The
ocul ar | ens device of claim 14 wherein said xenogenic |ens core conprises
corneal tissue selected fromthe group consisting of rabbit, bovine,
porcine, and guinea pig corneal tissue. 25 22 18 January 2005 WO 02/ 06883

PCT/USOl/22633 The 0 s, de of clajm 1l wherein said | ens
heoghlar Eens @ Vr“'ﬁé’z Pl giswgereTfald Borsomeatissees gevi-ce of

core conprises ransgem
cl ai Q%grel %ﬁ corneal .tissue h%ﬁ 5 structural surface and
sai d ens 3?‘? ?138‘38 PuleRgudpce izt ls’éfP"t’éTGJr Fugfaes Atherdgmordonor

cor neal tlssu§ 18 The ocul ar lens device of claim1l wherein said size and
conflguraf?gﬁ

18. The ocular lens device of claim 1 wherein said size and configuration is
selected to be corrective for at least one selected from the group consisting of astigmatism,

10 myopia, aphakia, and presbyopia.

19. The ocular lens device of claim 18 wherein said size and configuration is
selected to be corrective for myopia and said device has a generally circular, flat lens core
center region.

15
20. The ocular lens device of claim 18 wherein said size and configuration is

selected to be corrective for aphakia and said device has a generally flattened perimeter.

21. The ocular lens device of claim 18 wherein said size and configuration is.

20 selected to be bifocal,

22. The ocular lens device of claim 18 wherein said size and configuration is
selected to be corrective for presbyopia and has a generally circular lens core central region
without correction.

25
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selected to be corrective for at |east one selected fromthe grou
consisting of astigmatism 10 myopia, aphakia, and presbﬂﬁﬂ?&%‘amgpoﬁfhe
~ocul ar | ens device of claim 18 wherein said size and configuration is -

sel ected to be corrective for nmyopia and said device has a generally

circul ar, MWOR20p8As core center region. 15 20. The ocul exT/Usmns26eevi ce of
claim 18 wherein said size and configuration is selected to be corrective
for aphakia and 'ssa,h% deyvi ‘ce has a_generally flattened perimeter. 21. The
ocul ar | ens devite BSOCERGICHT 450l Flatmn 24 wherewissid lansgoredwiheg camepriseran s 20
selected to be bifocal. 6 22. The ocular |l ens device of claim 18 wherein said

size and cSRIIUGATWEA HRE havingp capkeper graine g priadheral diafeier.pr esbyopi-a and has
a generally circular lens core central region wthout correction. 25 23 18
January 2005 WD 02/06883 PCT/ US01/ 22633 23. The ocul ar |l ens device of claim
22 wherein said lens core further conprises an opaque annular ring having
a central open tegitsoculaticpedavissef elpin?2awherein said ding THerowiHyaatodiamer devi ce
of claim23 wherein said ring is forned by tatooing or 5 placenent of :
opaque nat Blefenenbef epagus meetiad oh s¢id postdrimc eurf26. The ocul ar | ens devi ce of
claim 23 wherein said central open region has a dianeter |ess than about
1.5 mm 10 26. The ocular lens device of claim25 wherein said central open
region has a dianeter between about 0.5 mm and .about 1.5 mm

25. The ocular lens device of claim 23 wherein said central open region has a

diameter fess than about 1.5 mm.

10 26. The ocular lens device of claim 25 wherein said central open region has a

- diameter between about 0.5 mm and about 1.5 mm. -

27. The ocular lens device of claim 25 wherein said central open region has a
diameter between about 0.75 mm and about 1.25 mm.

15

28. The ocular lens device of claim 24 wherein said ring comprises a Dacron mesh.

29. The ocular lens device of claim 23 wherein said opaque annular ring peripheral
diameter is between 3-5 mm.

20

30. The ocular lens device of claim 29 wherein said ring peripheral diameter is -

selected 1o be less than the pupillary diameter of a selected recipient eye in low light.

31. The ocular lens device of claim 1 wherein said lens core further contains a

25 therapeutic agent, immunosuppressive agent, or growth factors.
' 24 '




27. The ocul ar lens device of claim25 wherein said central open region has
a dianeter between about 0.75 nun and about 1.25 nun. 151§§?'#ﬁ%2g%hYar

| ens device of claim 24 wherein said ring conprises a Dacron nmesh. 29. The
ocul ar lens_device of claim23 wherein said opaque annul ar ring peripheral
di amet er i%EOPEH¥en 3-5 nm 20 30. The ocular |ens devi EETHFIIEEE M 29 '
wherein said ring peripheral dianmeter is selected to be |ess than the
pupillary dianeter of a selected recipient eye in low.light. 3 1. The
ocul-ar lens device of claiml wherein said |l ens core further contains a 25

- therapeutic agept LSS QoL ain Qg QW D, factors. 24 1 8
January 2005 V@.03?%@%@%q%%%%6§%%%%§€g3 gng%%ﬁﬁ%ﬁf%?mvgg%mﬁng?é of claim
-1 wherein 1 Gh: r ) n.frozen, lyophilized, or chemcally
treated b¢§§%gﬁ%§$§&g§ngﬁﬁﬁ?ﬁ%8%@E&%@leéns device of claim 11l wherein said
| ens core is conprised of corneal tissue grown in vitro 34. The ocul ar |ens
device of claiml wherein said epithelial cells and keratocytes conprise
human_cor neal lls. 1 5. Therocular | ens.deyjce of claim34 wherein said
epithdlial cel e gﬁ‘c‘i"%@?i@ﬁéﬁ‘f*&%"fgﬁaﬁ‘ﬂﬂﬂé‘ée @b%%ﬁi‘avﬁc"-’feelﬁa@{lpfﬁﬁd?ﬁ ssue bank
corneal cells. 36. The ocular | ens device of claim1 wherein said | ens core
‘has a t hi CRMEESSIIFET98? &40 hi ckness is | ess than 300 pm

~ 34. The ocular lens device of claim 1 wherein said epithelial cells and keratocytes

comprise human corneal cells.

10
35. The ocular lens device of claim 34 wherein said epithelial cells and keratocytes .

comprise neonatal, fetal, or tissue bank corpeal cells.

36. The ocular lens device of claim 1 wherein said lens core has a thickness and

15 said thickness is less than 300 pm.

37. The ocular lens device of claim 36 wherein said lens core thickness is between

5-100 pm.

20 38. The ocular lens device of claim 1 wherein said lens core includes replaced |

keratocytes.

39. The ocular lens device of claim 1 wherein said lens core includes replaced

epithelial cells covering at least a portion of said anterior surface.

25




37. The ocul ar | ens device of claim36 wherein said | ens %§He th| kness IS
bet ween 5-100 m 20 38. The ocul ar | ens device of claim 1 GHEMEMH Q%ﬁd | ens
core includes replaced keratocytes. 39. The ocular lens device of claim1l
wherein said | ens core includes replaced epithelial cells covering at

| east a por¥PBHEE said anterior surface. 25 18 January POO&SMD262/ 06883
PCT/ US01/ 22633 40. The ocul ar lens device of claim1 wherein said | ens core
has a periphery and further conprising an epithelial cell l'ayer extending

'7 beyond the periphery of sai d Iens core 5 41. The ocul ar |ens device of

claim11 wherein d re ises replaced epithelial cells
covering at Iea%@a@ 'ﬁi‘rﬁ%})ﬁ% Y‘C‘T aél‘i’i‘t e‘?’li‘%‘?lgé"ﬁ %eﬁﬁéor%lhﬁﬁaflﬂﬁ”ﬁ’%rﬁ’a&‘émprl ses a

carrier su the rgﬁlaﬁe%wggythellal cells and the lens core. 42. The
ocul ar |en rﬁFgéP Ifckal & Friegding bexepd thegreaphray obsaiblenpinse-y and
10 further conpr|5|ng an epithelial cell layer extendi ng beyond the

periphery of said |lens core. 43. The ocul ar | ens device of claim4l wherein
the carrier conprises a material that is bioerodible or biodegradable. 15

44. The ocul ar flere geldrdes devied eficiaimd witsesie baid lehecaraporipises sphteda si ze and
shape suitable. for introduction onto the eye. 45. The ocular |lens device
of cl ai m 48piflisbaletlis qomesingat leps e pediop of e sn@ripeuehteaind fistiee ctmytists ®m t he
group consisting of collagen, gelatin, starch, glucosam ne glucans, 20
prot ei ns, earpohpwriingtds repbtedapithdial ckéls asdibh leas cgel vyl act i des and
polyglycolldes their mxtures and copol yners, and pol ydi axanone. 46. The
ocul ar I ens device of claim1. wherein said |l ens core is annular and has an
42. The ocular lens device of claim 41 wherein said lens core has a periphery and

10 turther comprising an epithelial cell layer extending beyond the periphery of said lens core.

43. The ocular lens device of claim 41 wherein the carrier comprises a material that

1s bioerodible or biodegradable.

15 44. The ocular lens device of claim 43 wherein the carrier is of a size and shape

suitable for introduction onto the eye.

45. The ocular lens device of claim 43 wherein the carrier comprises a material
selected from the group consisting of collagen, gelatin, starch, glucosamine glucans,
20 proteins, carbohydrates, polyanhydrides such as polylactides and polyglycolides, their

mixtures and copolymers, and polydiaxanone.

46. The ocular lens device of claim 1. wherein said lens core is annular and has an
opening between the anterior surface and the posterior surface.

25
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openlng bet ween the anterior surface and the posterior sur%gce 2 6 18
January 2005 WD 02/06883 PCT/ US01/ 22633 47 _ The ocul ar é

claim1 wherein said |l ens core conprises replaced keratocytes in sald | ens
core. 48,,hgspcul ar lens device of elaim1l wherein said |ens core
conprisesrapiaced 5 epithelial cells covering at | edSUUsOKE4#3 on of said
anterior surface. 49. The ocul ar | ens device of claim49 wherein said | ens

core conpri sesy. TRPbaketns 8RideREliagh 1681ty SQVRRL OFe all of
"said anterior surface. g% A netﬁod fof t he prepar%tﬁnﬁaégkgg%%%ular | ens

~devi.ce CRRbEsHIPsaidknd\@ryesting a |l ens core conprising donor cornea

ti ssue and having a generally convex anterior surface and a posterior
surface; and b) having replaced epitheliumcovering at |east a portion of
sai d generally convex anterior surface; and c) having replaced keratocytes

repopul ati ng gaige b&s 169 rd@vwé:&{m:ﬁﬁa?' WkdiR g tle%g Eﬂ_r%fccrwénge% tr(ﬁaoal yzing said

| ens core; and ii) revitalizing said lens cor f ¢l aim50
furtsher compih shi terior surface. 52. - The
met hod of cIé?nJS%O%Eﬁggﬁ%ﬁggédﬁgﬁﬁ¥éﬁhé%%ﬁgﬁag%ﬁ%r|ses appl ying an abl ative
| aser to the posterior surface.

49. The ocular lens device of claim 49 wherein said lens core éomprises replaced

epithelial cells covering substantially all of said anterior surface.

50, 7_ A method for the preparation of an ocular lens device comprising:
a) harvesting a lens core comprising donor corneal tissue and having a generally
convex anterior surface and a posterior surface; and
b) having replaced epithelium covering at least a portion of said generally

convex anterior surface; and

¢) having replaced keratocytes repopulating said lens core, comprising the steps

of:
1) devitalizing said lens core; and -
ii) revitalizing said lens core. '
51. :The method of claim 50 further coinpn'sing the step of shaping said posterior
surface.

52." The method of claim' 51 wherein said shaping step comprises applying an

ablative laser to the posterior surface.
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18 January 2005 53. The net hod of claim52 wherein said sg ﬁ n ééﬁ%
conprises applying an excinmer |aser or other suitable sh g '3‘9‘5\% to the
posterior surface. 54. The nethod of claim51 wherein said shaping step
conprises applying a water jet cutter to said posterior surface. 55-. The
met hod of claimSi wherein said shaping step conprises shaping said
posterior surface to correct at |east one selected fromthe group

consi sting of nyopia; aphakia, presbyopia, and astigmatism 56. The net hod
of cl ai m'50 .Burthsenctoahgidainig wheeeis taipstapinp afep eathiprisgs sgilying #ns core. 57:
The nmethod of claim56 wherein said lens core is harvested from human,
rabbit, chomerlaser poyihdrseitabds shgping daciib theqosegal suith@sue. 58. The net hod of
claim50. wherein said revitalization step conprises-replacing cells
“cultured from human corneal tissue. 59 The nethod of claim53 wherein said
cells are cultured fromneonat-al tissue, fetal tissue, or tissue bank

tissue. 60. The THohatbdodf cldidisnviRrdiniéid@hpiae Bes tthtBed g gﬁﬁ gk .
sterilizing said lens core after said shaping step. 28 anuary 2005 61.

The net hjuﬂclﬁfertblsaidrﬁostéﬁeréﬁfﬁéeel n said sterilization step includes the step
of contacting said lens core with glycerol. 62. Thenmethod of clai m®60
wherein.said sterilization step i ncludes the step of contacting said | ens

core wi'th et%{ ne o q 63. The mal;thod of claim50 wherein said
devitalizati ’glfeetﬂetzéﬁ q %‘@55 ]r‘@%?}il Ff’gj aping step Compnses shaping said
posterior surface to correct at least one selected from the group consisting of myopia,

aphakia, presbyopia, and astigmatism.

K ~ 56. The method of claim 50 further comprising the step of harvesting said lens

COre.

57 The method of claim 56 wherein said lens core is harvested from human, rabbit,

bovine, porcine, or guinea pig corneal tissue.

- 58. The method of claim 50. wherein said revitalization step comprisesreplacing

cells cultured from human corneal tissue.

59. The method of claim 58 wherein said cells are cultured from neonatal tissue,

fetal tissue, or tissue bank fissue.

60. The method of claim 59 further comprising the step of sterilizing said lens core

after said shaping step.




epitheliumfromsaid anterior surface and keratocytes fro ﬁaid I core
64. The nmethod of claim50 wherein said revitalization stgg 8@ﬁf¥§@§%
adding epithelial cells to at |least a portion of said anterior surface and
keratocytes to said | ens core. 65. The method of claim50 wherein said
revitalization step includes the step of placing said | ens core on a

pol yel ectrolyte gel. 66. The nethod of claimb50 wherein the corneal tissue
matri x of said lens core is not altered. 67. An epithelial delam nator for
separ ati-ng g _| The MghePbt diain ql whdris ktd seglizatod sgmnandeyte stephdvi ng "an
anterior corneal surface and an epithelial tissue |ayer, conprising a
_devicec&ﬁaghggﬁggmsgggdﬂﬁé@@&bﬂron1the corneal surface, a substantially
continuous, Tiving epithelial |layer substantially free fromcorneal tissue
and having at |east an edge connected to the coneal surface. . 68. The
del am nator of claim67 wherein the delamnator is configured so that the

lifted epi t@e.!'fl?el.mtl:tﬂ%tfcﬁof&Q%Oiﬁl?e?eiﬁghi@B@:ﬁlﬁﬁ{i&@éteﬂ H8Rdes3R: p oanuary 2005

69.. The del ami nat or claim67 wherein the delam nator is configured so

that t g, kil el 16RLLASk Al haXekid: 207 Sufficient size for placerent of a

vision corrective [ens on the anterior corneal surface conpletely beneath
the epithelial layer. 70. The del am nator of claim 67 wherein the
del am nat or _further coqprlses a vacuum Source. 71. An epitheljal

del ani nat or % ofhesaefhadatickim a0 heretsashiqavHalfzaEem $PR CURPISEYIEBR VR om an eye
having an anterior _corneal surface and an epithelial tissue |ayer,

conpns pﬁ&l&&@égﬂx&@l%@@@g fiprfage and keratocytes from said lens core.

64. The method of claim 50 wherein said revitalization step comprises adding

epithelial cells to at least a portion of said anterior surface and keratocytes to said lens core.

65. The method of claim 50 wherein said revitalization stép includes the step of

placing said lens core on a polyelectrolyte gel.

66. The method of claim 50 wherein the corneal tissue matrix of said lens core 1s

not altered.

67. An epithelial delaminator for separating a hiving epithelial tissue region from an eye
o ' ﬁaving an anterior comeal surface and an epithefial tissue i:iyei-, corhpﬁsing adevice conﬁgured |
for lifting from the corneal surface, a substantially continuous, Hving epithelial layer
substantially ﬁ'eé from comeal tissue and having at least an edge connected to the corneal
surface. '

68.  The delaminator of claim 67 wherein the delaminator is configured so that the lifted
epithelial layer comprises an epithelial flap. - I B
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“for lifting fromthe corneal surface, a substantially continuous, |iVving
epithelial |layer substantially free fromcorneal tissue aﬁgaW§VVRBO%I

| east an edge connected to the corneal surface, said device further
configured to be renoved fromcontact with the corneal surface |eaving the
living epithelial |layer attached 72. The del ami nator of claim 71 wherein
the delam nator is configured so that the lifted epithelial |ayer
conprises an epithelial dap. 73. The delam nator of claim71 wherein the

del aminator is configured so that the lifted epithelial |ayer, is.@of
sufficient eg.ze fThedghminanesiiclagh 63 whersindhe Wﬁ‘%@“ﬁ%@é %yﬁg?tﬁheeslg%fi erior
cor neal __.sur. q%,gr PRIl gk YizbRrsiadcthehE adfsidnelrbaive leay e the FYerorhe

del am ﬁ’é@%&glo ci?ai m 71 wherein the del am nator further conprises a vacuum
Sour e cord@ul surface completely beneath the epithelial fayer.

70. The déi;amin;mr of claim 67 wherein the delaminator further comprises a vacuum

|OWICe,

71. An opithelial delaminator for separating a living cpithc]ial tissne region from an eye
having an anterior corneal surface and an epithelial tissue layer, comprising a device configured
for lifting from the comeal surface, a substantially continnous, living epithelial layer
substantiaily free from corneal tissue and having at least an edge comnected to the corneal
surface, said device further configured to be removed from contact with the comeal surface
leaving the living epithelial layer attached.

72 The delaminator of claim 71 wherein the delaminator is configured so that the lifted
epithelial }ayer comprises an epithé]iéi flap.

73. The delaminator of claim 71 wherein the delaminator is configured so that the lifted
gpithelial Iay;e.r is of sufficient size for placement of a vision comrective lens on the anterior
comeal surface completely beneath the epithelial layer.

74. The delaminator of claim 71 wherein the delaminator further comprises a vacuum

O sovce.
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